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METHODS AND APPARATUS FOR ILLUMINATION OF REFUELING HOSES 

10 Inventors 

Mark A. Shelly 
Theron L. Cutler 

Field of the Invention 

15 The present invention relates to methods and apparatus for illumination of refueling 

hoses, including, for example, refueling hoses for aerial refueling systems and the like. 



Background of the Invention 



Aerial refueling is commonly employed to increase the range and flight duration of an 
20 aircraft. Some types of aerial refueling systems include a hose having a drogue attached 
thereto which trails or drags behind a fuel tanker. On the end of the hose is a "basket" which 
includes a reception coupling. The receiver aircraft includes a probe (or fuel inlet) that may 
be fixed or retractable. When the receiver aircraft needs to be aerial refueled, it approaches 
the tanker and then flies formation on the trailing aerial refueling hose, slowly approaching 
25 the reception coupling. Eventually the receiving aircraft "stabs" or engages the probe into 
the reception coupling, thereby providing a connection for transferring fuel between the 
tanker and the receiver aircraft. Known hose and drogue aerial refueling systems include, for 
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example, those systems disclosed by U.S. Patent No. 5,573,206 issued to Ward, and U.S. 
Patent No. 5,539,624 issued to Dougherty. 

Typically, in order to initiate the tanker refueling pumps to commence the fuel 
transfer from the tanker to the receiver aircraft, the receiver aircraft must engage the probe 
5 into the refueling hose coupling and push the hose in past the outer refueling limit. The 
receiver can push beyond the minimum to receive fuel from the tanker. Fuel flow will 
continue as long as the receiver aircraft keeps the hose in the "refueling envelope". Typically 
the receiver aircraft pushes to a range, somewhere in the middle of the refueling envelope. If 
the receiver aircraft pushes the hose in to the inner refueling limit, the tanker fuel system will 

10 shut down, ceasing full transfer to the receiver aircraft. If the receiver aircraft pulls out to 
where it is back in the refueling envelope, fuel transfer will reinitiate. Upon completion of 
the refueling process, the receiver aircraft continues to back out until the tanker hose is fully 
deployed. At this point, if the receiver aircraft backs out further, the connection between the 
tanker reception coupling and. the receiver aircraft probe is released. During this whole 

15 process, as the receiver aircraft pushes and pulls on the hose, the tanker hose reel system 
winds and unwinds the hose on a tanker mounted hose reel to keep the slack out of the hose. 

Although desirable results have been achieved using prior art aerial refueling systems, 
some drawbacks have been noted. For example, during some operating conditions, the 
refueling hose may be difficult for the personnel on board the receiver aircraft to see. Glints, 

20 shadows and glare caused by the sun, atmospheric water vapor, or reflections from aircraft 
surfaces may hamper visibility of the refueling hose during daylight operations. Similarly, 
darkness or relatively low lighting conditions may obscure visibility of the refueling hose 
during nighttime operations. Thus, there exists a need for an improved aerial refueling 
system that reduces adverse viewing conditions and improves the ability of the personnel on 

25 the receiver aircraft to view the refueling hose during varying lighting conditions. 



Summary of the Invention 

The present invention is directed to methods and apparatus for illumination of 
refueling hoses, including, for example, refueling hoses for aerial refueling systems. 
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Apparatus and methods in accordance with the present invention may advantageously 
provide improved visibility of refueling hoses for aerial refueling operations during nighttime 
operations without requiring additional moving parts. Thus, the efficiency, safety, and 
reliability of nighttime aerial refueling operations may be improved. 
5 In one embodiment, a conduit for transferring a flowable material includes a wall 

member at least partially enclosing an inner region, the inner region being adapted to receive 
the flowable material and to facilitate transfer of the flowable material from a first location to 
a second location. A plurality of optical fibers are at least one of formed within an outer 
layer of the wall member and disposed on an outer surface of the wall member. The optical 

10 fibers are adapted to emit light outwardly therefrom, thereby illuminating the conduit. 

In another embodiment, a conduit for transferring a flowable material includes a wall 
member at least partially enclosing an inner region adapted to receive the flowable material 
and to facilitate transfer of the flowable material from a first location to a second location. 
The wall member includes a luminescent outer layer being at least one of integrally formed 

15 with the wall member and disposed on an outer surface of the wall member, the luminescent 
outer layer being adapted to emit light outwardly therefrom to illuminate the conduit. 



Brief Description of the Drawings 

The preferred and alternative embodiments of the present invention are described in 
20 detail below with reference to the following drawings. 

FIGURE 1 is a side elevational view of an aerial refueling system in accordance with 
an embodiment of the present invention; 

FIGURE 2 is an enlarged cross-sectional view of a refueling hose of the aerial 
refueling system of FIGURE 1 in accordance with an embodiment of the present invention; 
25 FIGURE 3 is an enlarged cross-sectional view of a refueling hose of the aerial 

refueling system of FIGURE 1 in accordance with another embodiment of the present 
invention; 

FIGURE 4 is an enlarged cross-sectional view of a refueling hose of the aerial 
refueling system of FIGURE 1 in accordance with yet another embodiment of the present 
30 invention; 
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FIGURE 5 is a side elevational view of an aerial refueling system in accordance with 
another alternate embodiment of the present invention; and 

FIGURE 6 is a side elevational view of a material transfer system in accordance with 
still another embodiment of the present invention. 



Detailed Description of the Invention 

The present invention relates to methods and apparatus for illumination of refueling 
hoses. Many specific details of certain embodiments of the invention are set forth in the 
following description and in FIGURES 1-6 to provide a thorough understanding of such 

10 embodiments. One skilled in the art, however, will understand that the present invention 
may have additional embodiments, or that the present invention may be practiced without 
several of the details described in the following description. 

FIGURE 1 is a side elevational view of an aerial refueling system 100 in accordance 
with an embodiment of the present invention. In this embodiment, the aerial refueling 

15 system 100 includes a tanker aircraft 1 10 having a refueling hose 1 12, along with a fuel tank 
1 1 1 and a pump 1 13 to enable the delivery of fuel. A basket (or drogue) 1 14 is coupled to 
the end of the refueling hose 112. As further shown in FIGURE 1, a receiving aircraft 120 
having a fuel receptacle or probe 122 may be flown proximate to the tanker aircraft 110. In 
operation, the probe 122 may be inserted into the refueling hose 112 so that fuel may be 

20 transferred through the hose 112 into the probe 122 and into the receiving aircraft 120. 

FIGURE 2 is an enlarged cross-sectional view of the refueling hose 1 12 of the aerial 
refueling system 100 of FIGURE 1 in accordance with an embodiment of the present 
invention. The refueling hose 112 includes a wall member 130 substantially enclosing an 
interior region 132. A plurality of fiber optic strands (or optical fibers) 134 are disposed 

25 within an outer portion of the wall member 130 so that light 136 emitted outwardly from the 
fiber optic strands 134 may be visible from the surrounding environment outside the wall 
member 130. In one aspect, the fiber optic strands 134 may be impregnated in the final lay- 
up of the refueling hose 132 during fabrication. Alternately, the fiber optic strands 134 may 
be attached to the outside of a pre-existing refueling hose using a suitable adhesive or other 
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suitable attachment mechanism or device. An illumination control system 138 may be 
positioned within the tanker aircraft 110 and operatively coupled to the plurality of fiber 
optic strands 134, thus allowing the illumination and intensity of the fiber optic strands 134 
to be controllable from the tanker aircraft 110. In one particular aspect, all portions of the 
5 refueling hose 1 12, including the basket 114, may be equipped with fiber optic strands 134. 
In alternate aspects, only certain portions of the refueling hose 112 may be equipped with 
fiber optic strands 134, including, for example, longitudinal strips, circumferential bands, or 
any other desired portions of the refueling hose 112. 

In operation, the refueling hose 112 may advantageously provide improved visibility 

r 

10 during night operations. As the receiver aircraft 120 is moved into position for aerial 
refueling, the refueling hose 1 12 may be energized using the illumination control system 138 
in the tanker aircraft 110, causing the refueling hose 1 12 to emit light 136 and improving the 
visibility of the refueling hose 112 for personnel on board both the receiver aircraft 120 and 
the tanker aircraft 110. Thus, the refueling hose 112 advantageously improves visibility of 

15 the refueling hose 112 during night operations in comparison with prior art hoses. 

Furthermore, the refueling hose 1 12 provides other advantages over alternate methods 
of hose illumination. For example, embodiments of refueling hoses in accordance with the 
present invention rely on relatively simple, proven fiber optic technology, with essentially no 
additional moving parts. Thus, the cost and complexity of the device is relatively low, and 

20 the reliability is increased, compared with alternate methods of illumination. 

It will be appreciated that embodiments of apparatus and methods in accordance with 
the present invention may be employed in conjunction with a wide variety of tanker and 
receiver aircraft. For example, the tanker aircraft 110 may be any desired tanker aircraft, 
including, for example, a 767 Global Tanker Transport Aircraft (manufactured by The 

25 Boeing Company of Chicago, Illinois), a French C-135FR aircraft, a USAF KC-135R 
aircraft, a KC-10A aircraft, a C-130 aircraft, U.S. Navy Buddy Refueling stores, or any other 
suitable aircraft, including other types of aircraft, such as rotary aircraft, or other manned 
and unmanned military aircraft, including those described, for example, in The Illustrated 
Encyclopedia of Military Aircraft by Enzo Angelucci, published by Book Sales Publishers, 

30 September 2001, and incorporated herein by reference. Similarly, the receiver aircraft may 
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generally be any suitable model or type of aircraft, including a fighter aircraft, a 
reconnaissance aircraft, a bomber aircraft, or any other suitable aircraft. The various 
components and subsystems of the tanker and receiver aircraft that are unrelated to the 
present invention and that enable these aircraft to operate are of generally known 
5 construction and, for the sake of brevity, will not be described in detail herein. Generally, the 
tanker and receiver aircraft 110, 120 may include one or more propulsion units coupled to a 
fuselage, a wing assembly (or other lifting surfaces), a tail assembly, a landing assembly, a 
control system, and may also include other systems and subsystems that enable proper 
operation of the aircraft, as shown and described in the above-referenced publication. 

10 It will also be appreciated that a variety of alternate embodiments of the present 

invention may be conceived in accordance with the teachings herein, and that the present 
invention is not limited to the particular embodiment described above and shown in FIGURE 
1. Several representative alternate embodiments are described below with reference to 
FIGURES 2-6. The following discussion of alternate embodiments is not intended to be an 

15 exhaustive list of all alternate embodiments, but rather, is provided to merely demonstrate a 
few of the multitude of possible embodiments that may be conceived in accordance with the 
teachings herein. In the following discussion, similar components will be assigned similar 
reference numerals. For the sake of brevity, only significant differences or features of each 
additional embodiment will be described in detail. 

20 FIGURE 3 is an enlarged cross-sectional view of a refueling hose 1 12A of the aerial 

refueling system 100 of FIGURE 1 in accordance with an alternate embodiment of the 
present invention. In this embodiment, the wall member 130A of the refueling hose 112A 
includes a luminescent outer layer 140. In one particular aspect, the luminescent outer layer 
140 includes an electroluminescent material (e.g. electroluminescent paint) that gives of the 

25 emitted light 136 when charged by electricity using the illumination control system 138 
(FIGURE 1). The electroluminescent material may, for example, be applied during the final 
hose lay-up during manufacture. Alternately, the electroluminescent material may be applied 
or otherwise attached to the outside of a pre-existing refueling hose. The intensity of the 
light 136 from the electroluminescent material in the outer layer 140 may be controlled by 

i 

30 the illumination control system 138 from within the tanker aircraft 110. Thus, the above- 

- 6 - Black Lowe & Graham 



PLLC 




9^1 <s BI ng-,-,020AP. 816 Second Avenue 

Z -- J ~> 1 ~> Seattle, Washington 98104 

PATENT TRADEMARK OFFICE 206.381,3300 • F: 206.381.3301 



\ 



noted advantages of aerial refueling systems in accordance with the present invention may be 
achieved with refueling hoses 112A having the luminescent outer layer 140 that includes an 
electroluminescent material. 

In an alternate aspect, the luminescent outer layer 140 includes a phosphor substance 
5 that radiates light 136 after being energized. The phosphor substance may, for example, be 
energized by a light source. In one particular embodiment, the phosphor substance in the 
luminescent outer layer 140 of the refueling hose 112A may be energized by a tunnel light 
142 where the refueling hose 112A exits the tanker aircraft 110 (FIGURE 1). As the 
refueling hose 112A is released outwardly from the tanker aircraft 110, the phosphor 

10 substance may be charged and illuminated as it trails behind the tanker aircraft 110. In 
operation, if the luminescence of the phosphor substance wanes below an acceptable level, 
the refueling hose 112A may simply be rewound into the tanker aircraft 110 and extended 
back out to the trailing position behind the tanker aircraft 110. Although the refueling hose 
112A including the phosphor substance may operate during any low lighting conditions, it 

15 may operate best during very low lighting conditions. Therefore, the above-noted advantages 
of aerial refueling systems in accordance with the present invention may be achieved with 
refueling hoses 112A having the luminescent outer layer 140 that includes a phosphor 
substance. 

In yet another alternate aspect, the luminescent outer layer 140 may include an 
20 ultraviolet-energized substance that radiates light 136 after being energized by exposure to an 
ultraviolet light. This embodiment may be suitable for use with, for example, Night Vision 
Goggles (NVG). Substances that may be energized by ultraviolet light include, but are not 
limited to, various phosphor substances. The luminescent outer layer 140 containing the 
ultraviolet-energized substance may be energized by an ultraviolet light source positioned on 
25 either the tanker aircraft 110, the receiver aircraft 120, or both (e.g. by an ultraviolet tunnel 
light 142). In addition to the above-noted advantages, the luminescent outer layer 140 that 
includes an ultraviolet-energized substance may provide an additional advantage that the 
ultraviolet light used to energize the refueling hose 1 12A may be much less visible from the 
ground or from other aircraft alternate apparatus that utilize visible light to illuminate and 
30 energize the refueling hose. 
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FIGURE 4 is an enlarged cross-sectional view of a refueling hose 112B of the aerial 
refueling system 100 of FIGURE 1 in accordance with yet another embodiment of the 
present invention. In this embodiment, the wall member 130B includes a plurality of 
luminescent outer portions 150. Similar to the luminescent outer layer 140 described above 
5 the luminescent outer portions 150 may include, for example, an electroluminescent material, 
a phosphor substance, an ultraviolet-energized substance, or any other suitable luminescent 
material. Each of the luminescent outer portions 150 may emit light 136 to provide improved 
visibility of the refueling hose 112B. It will be appreciated that the luminescent outer 
portions 150 may be distributed over the wall member 130B in any suitable distribution or 

10 pattern, including for example, longitudinal stripes, spiral or helical stripes, patches, 
checkerboard patterns, or any other desired distribution or pattern. 

It will be appreciated that the embodiments of apparatus and methods of illuminating 
refueling hoses is not limited to the particular embodiments of hose-and-drogue aerial 
refueling systems described above and shown in FIGURE 1. For example, FIGURE 5 is a 

15 side elevational view of an aerial refueling system 300 in accordance with another alternate 
embodiment of the present invention. In this embodiment, the tanker aircraft 310 includes a 
refueling boom 312 that extends downwardly to engage with a fuel receptacle 322 of the 
receiving aircraft 320. The refueling boom 312 may include airfoils surfaces 314 extending 
outwardly therefrom to provide aerodynamic control of the position of the boom 312. As 

20 described above with respect to the refueling hose 112, the refueling boom 312 includes a 
first portion 316 and a second portion 318. At least one of the first and second portions 316, 
318 may be provided with a luminescent outer layer 140, luminescent outer portions 150, or 
both, as described above with respect to the refueling hoses 112 shown in FIGURES 1-4. 
Thus, the above noted advantages of the present invention may be achieved in an aerial 

25 refueling system that employs a refueling boom rather than a hose and drogue combination. 

Similarly, FIGURE 4 is a side elevational view of a material transfer system 400 in 
accordance with still another embodiment of the present invention. In this embodiment, the 
system 400 includes a tanker vessel 410, a receiving vessel 420, and a transfer conduit 412 
engaged therebetween. In one aspect, the transfer conduit 412 may be at least partially 

30 buoyant so that the transfer conduit 412 will float on a body of water between the tanker and 
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receiving vessels 410, 420. The transfer conduit 412 includes a plurality of first portions 416 
and a plurality of second portions 418. Again, at least one of the first and second portions 
416, 418 may be provided with a luminescent outer layer 140, luminescent outer portions 
150, or both, as described above with respect to the refueling hoses 112 shown in FIGURES 
5 1-4. Thus, the above noted advantages of embodiments of the present invention may be 
realized in a material transfer system 400 particularly suited for transferring materials 
between ships. It is apparent that alternate embodiments in accordance with the teachings 
herein may be conceived for material transfer systems adapted for use between any desired 
types of vehicles or storage vessels, including trucks, automobiles, storage tanks, trains, 

10 spacecraft, and any other suitable vehicles or vessels. 

While the preferred embodiment of the invention has been illustrated and described, 
as noted above, many changes can be made without departing from the spirit and scope of the 
invention. Accordingly, the scope of the invention is not limited by the disclosure of the 
preferred embodiment. Instead, the invention should be determined entirely by reference to 

15 the claims that follow. 
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